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ctching mask and forming a via hole; and filling the con-
ductive line opening and the via hole with a conductive
material and forming an interconnection of the conductive

line and a via plug.
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SELF ALIGNED DUAL DAMASCENE
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dual damascene method
for producing conductive lines and via plugs, and more
particularly, to a self aligned dual damascene method for
interconnecting metal conductive lines and via plugs 1n
integrated circuits of semiconductor devices so as to connect
metal conductive lines 1n multilayers.

2. Description of the Prior Art

After producing active and/or passive devices on a semi-
conductor substrate, metal conductive lines on the devices
should be connected. The metal conductive lines are usually
laid 1n multilayer forms. As the integration density of
semiconductor devices 1ncreases, the interconnection of
metal lines 1n different layers plays an important role and
impacts on device performance.

The dual damascene method, which mainly deposits and
f1lls metal conductive line openings and via holes between
metal conductive lines with a conductive material 1n one
step, 1s applied to connect metal lines of multilayers in
semiconductor devices. Such a method has improved the
process of the conventional interconnection between metal
conductive lines. For example, in the method, processing
steps have been decreased. However, the dual damascene
method still needs to be improved to meet stricter process
requirements and challenges.

Steps of a conventional self aligned dual damascene
method are shown 1 FIGS. 1a to 1d. First, as shown 1n FIG.
1a, a first etch stop layer 4 on a second insulating layer 3 1s
ctched by utilizing a second photoresist 10 of via pattern as
an etching mask. This step 1s used for fabricating a via hole
in the subsequent steps. Then, as shown 1n FIG. 1b, after the
second photoresist 10 1s removed and a third msulating layer
5 1s deposited, a first photoresist 7 1s deposited on the third
insulating layer § and a second conductive line 1s patterned
thereon. In FIG. 1¢, by utilizing the first photoresist 7 and the
first etch stop layer 4 as an etching mask, the third mnsulating
layer 5 and the second insulating layer 3 are etched and a
conductive line opening 8 and a via hole 11 are formed. Then
as shown 1n FIG. 1d, a conductive material 1s filled 1n the
second conductive line opening and the via hole and an
interconnection of a second conductive line 12 and a via
plug 13 are formed. Finally, a second etch stop layer 6 1s
formed on the surface of the third insulating layer 5 and the
second conductive line 12.

The conventional self aligned dual damascene method has
some disadvantages and 1s restricted in further developments
when facing the requirements of smaller critical dimensions.
For example, there are some difficulties 1n patterning the
second photoresist 10 of via holes for photolithographic and
etching processes. The shrunken dimensions of via holes and
process windows make manufacturing processes more dit-
ficult. Furthermore, a high aspect ratio increases difficulties
in etching. The overlay tolerances in patterning the first
photoresist 10 and the second photoresist 7 must be strictly
controlled, otherwise misalignment will be occurred, and the
first etching stop layer 4 under the second conductive line
opening 8 will be overetched and the second msulating layer
3 will be damaged when the third insulating layer § and the
second 1nsulating layer 3 are etched to form the second
conductive line opening 8 and the via hole 11. Therefore, the
size and the pattern of the via hole 11 are hard to control.

U.S. Pat. Nos. 5,614,765 and 5,795,823 respectively
disclose a self aligned via dual damascene structure and a
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method for forming the same. In the method, conductive
lines are first patterned. The mask pattern of the conductive
lines contains laterally enlarged arca where via openings are
to be formed. After the conductive line openings with
laterally enlarged areas are created, the openings are filled
with a conformal material whose etch selectivity 1s different
with respect to the one of the insulating underlayer. The
conformal material 1s etched to form sidewalls in the
enlarged area. Then the exposed insulating layer under the
sidewalls 1s etched and via openings are formed. In the latter
step, the conductive line openings and vias are filled with a
conductive material. Although one mask applied in the
method can be omitted the enlarged areas increase difficul-
ties 1n designing circuits 1n such tight space; partial conduc-
five line openings are subject to damage in etching via
openings; and the residual conformal material may result 1n
bad electric performance if the conformal material 1s not
thoroughly removed.

The present invention discloses a novel self aligned dual
damascene method which can solve the above-mentioned
disadvantages of the prior art.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a novel
and mmproved self aligned dual damascene method for
increasing process windows of via photolithographic pro-
cess. The process 1s suitable for smaller line width and can
produce small-sized via 1n a less strict process condition.

Another object of the present mnvention 1s to provide a
novel and improved self aligned dual damascene method for
decreasing etching aspect ratio such that small via holes can
be etched completely.

A further object of the present invention 1s to provide a
novel and improved self aligned dual damascene method for
providing symmetric metal conductive lines extending on
vias. The overlay tolerances caused by the misalignment
between a conductive line mask and a via mask can be
avolded. Product yields can be significantly increased. And
the method can be applied to smaller line width processes.

A still further object of the present invention 1s to provide
a novel and improved self aligned dual damascene method
for applying to low dielectric constant material processes. A
part of the low dielectric constant material which does not
need to be etched can be protected from the etching damage.

To achieve the above objects and overcome disadvantages
of the prior art, the present invention discloses a method for
fabricating an interconnection between a conductive line and
a via plug on an 1nsulating layer. The method comprises the
following steps: First, a conductive line pattern 1s formed on
the insulating layer. Then the upper part of the insulating
layer 1s etched and the conductive line pattern 1s formed on
the insulating layer and a conductive line opening 1s formed.
Then a protective layer 1s deposited on sidewalls of the
conductive line opening and conductive line spacers on the
sidewalls are formed. A via pattern 1s formed on the 1nsu-
lating layer above the conductive line spacers. The opening
of the via pattern is substantially larger than the width of the
conductive line opening. The substantially enlarged via
pattern expands the process windows of the via photolitho-
ographic process and makes it possible to produce a smaller
line width interconnection. The lower part of the msulating
layer exposed between the conductive line spacers 1s etched
by utilizing the conductive line spacers as an etching mask
such that the upper part of the msulating layer 1s protected.
Then a via hole 1s formed. The conductive line spacers
protect the insulating layer from being etched and allow the



US 6,365,504 Bl

3

low dielectric constant material processes to be performed.
And, the conductive line opening and a via hole are filled
with a conductive material. An interconnection of the con-
ductive line and a via plug 1s formed. The 1ntroduction of the
conductive line spacers not only provides better alignment
between the conductive lines and vias but also provide better
control of a small via and provides better coverage effects in
depositing and {illing metal between the conductive line
openings and via holes.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, characteristics and effi-
ciency can be better understood form the following detailed
descriptions of the invention with reference to the drawings,
in which:

FIGS. 1a to 1d depict steps of a conventional self aligned
dual damascene method, wherein:

FIG. 1a depicts a step of etching a first etch stop layer by
utilizing a second photoresist as an etching mask;

FIG. 1b depicts a step of patterning a second conductive
line by utilizing a first photoresist;

FIG. 1c depicts a step of etching and forming second
conductive line openings and via holes by utilizing the first
photoresist and the first etch stop layer as an etching mask;

FIG. 1d depicts a step of filling the second conductive line
openings and the via holes with a conductive material and
forming an interconnection of second conductive lines and
via plugs;

FIGS. 2a to 2¢g depict steps of a novel self aligned dual

damascene method according to one embodiment of the
present invention, wherein:

FIG. 2a depicts a step of forming a structure for forming,
a conductive line and a via plug thereon;

FIG. 2b depicts a step of producing a second conductive
line pattern by utilizing a first photoresist;

FIG. 2c¢ depicts a step of first etching a second etch stop
layer and a third msulating layer to form a second line
opening and removing the first photoresist;

FIG. 2d depicts a step of depositing a protective layer and
forming second conductive line spacers;

FIG. 2¢e depicts a step of patterning a via by utilizing a
second photoresist;

FIG. 2f depicts a step of second etching a first etch stop
layer and a second insulating layer to form a via hole and
removing the second photoresist; and

FIG. 2g depicts a step of filling the second conductive line
opening and the via hole with a conductive material and
forming an iterconnection of the second conductive line
and a via plug.

DETAILED DESCRIPTION OF THE
INVENTION

Steps for a novel self aligned dual damascene method
according to one embodiment of the present mnvention are
described with reference to FIGS. 2a to 2g. FIG. 2a depicts
a step of forming a structure for forming a conductive line
and a via plug thereon. The structure 1s on a first conductive
line 1 and a first insulating layer 2 and comprises in a
sequence from bottom to top a second insulating layer 3, a
first etch stop layer 4, a third insulating layer § and a second
ctch stop layer 6. In the structure, part of the second
insulating layer 3 1s to be etched and opened for forming a
via hole and part of the third insulating layer 5 1s to be etched
and opened for forming a second conductive line opening.
The first etch stop layer 4 between the second and the third
insulating layers 1s used for protecting the second msulating
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layer 3 from damage of overreaching when etched to form
the second conductive line opening. There may be an etch
stop layer between the first insulating layer 2 and the second
insulating layer 3 1n some embodiments for preventing

overrecaching. The insulating layers can be oxides or low
dielectric constant materials, and particularly the second and
the third isulating layers are selected from the group
consisting of oxides and low dielectric constant materials.
The first and the second etch stop layers can be silicon
nitride.

FIG. 2b depicts a step of producing a second conductive
line pattern by utilizing a first photoresist 7 formed on the
second etch stop layer 6. Photoresist 1s first coated on the
second etch stop layer 6 and after photolithographic pro-
cesses such as exposure and development, a second con-
ductive line pattern 1s formed.

FIG. 2¢ depicts a step of first etching a second etch stop
layer 6 and a third insulating layer 5 to form a second line
opening 8 and removing the first photoresist 7. The {first
ctching step etches the second etch stop layer 6 and the third
insulating layer § by utilizing the first photoresist 7 as an
ctching mask and stops at the first etch stop layer 4. The
second conductive line opening 8 1s thus formed. After
removing the first photoresist, the structure 1s as shown 1in

FIG. 2c.

FIG. 2d depicts a step of depositing a protective layer and
forming second conductive line spacers 9. This can be done
by depositing a protective layer on the second etch stop layer
6 and the sidewalls of the second conductive line opening 8
and by further removing the protective layer on the second
ctch stop layer 6. The second conductive line spacers 9 are
thus formed. The composition of the protective layer can be
silicon nitride and the deposition can be done by chemical
vapor deposition (CVD).

The second conductive line spacers 9 provide an easier
controlled alignment. The alignment 1s a frequently encoun-
tered problem which 1s needed to be solved in the dual
damascene method. By depositing a layer of conformal
silicon nitride, the second conductive line spacer 9 on one
side of the second conductive line opening 8 1s symmetric to
the one on the other side. The symmetric second conductive
line spacers 9 will ensure the via hole to be positioned at the
center of the second conductive line opening 8. The mis-
alienment can be reduced and thus the process window can
be extended and the manufacturing processes can be con-

trolled.

FIG. 2e depicts a step of forming a via pattern by utilizing
a second photoresist. The opening of the via pattern 1s
substantially larger than the width of the conductive line
opening 8 and 1s on the second conductive line spacers 9.
The enlarged opening of the via pattern, which 1s substan-
tially larger than the width of the conductive line opening 8,
allows the photolithographic process to form via holes
casily, especially 1n forming small via holes. The main
reason why the opening of the via pattern can be enlarged 1s
the self alignment provided by the second conductive line
spacers 9 and an etching masking effect provided 1n the next
step.

FIG. 2f depicts a step of second etching a first etch stop
layer 4 and a second insulating layer 3 by utilizing the
second photoresist 10 and the second conductive line spac-
ers 9 as an etching mask. The second etching process stops
at the first conductive line 1. After a via hole 11 1s formed,
the second photoresist 10 1s removed. Because of the etch
masking effects provided by the second conductive line
spacers 9, the second 1nsulating layer 3 under the sidewalls
of the second conductive line opening 8 1s prevented from
damage by etching. The etching process can thus be pro-
ceeded smoothly. Furthermore, the self alignment effects
provide by the second conductive line spacers 9 solve




US 6,365,504 Bl

S

problems of misalignment 1in forming small via holes and aid
the process control.

FIG. 2g depicts a step of filling the second conductive line
opening 8 and the via hole 11 with a conductive material and
forming an mterconnection of a second conductive line 12
and a via plug 13. The second conductive line 12 particularly
refers to the conductive line portion after the conductive
material fills the second conductive line opening 8. The via
plug 13 particularly refers to the plug portion after the
conductive material fills the via hole 11. The bottom of the
via plug 13 connects the first conductive line 1 and whereby
the first conductive line 1 and the second conductive line 12
are electrically connected and the object of the interconnec-
fion 1s achieved. The conductive material 1s generally metal,
particularly aluminum, copper, or alloy including aluminum
or copper. In order to avoid metal, particularly copper,
scattering to the msulating layers, the method of the present
invention further includes a step of depositing a barrier layer
after the step of forming via hole 11 and before the step of
filling the second conductive line opening 8 and via hole 11
with the conductive material. The deposition of the barrier
layer can be done by physical vapor deposition (PVD) and
the material of the barrier layer 1s generally a tantalum
compound, such as tantalum metal or tantalum nitride.

The problems of poor metal coverage and voids when
filling the second conductive line opening 8 and the via hole
11 with the conductive material can be avoided according to
the present invention. The metal filling efficiency and reli-
ability can be improved. This 1s because the conductive
material, particularly metal, can flow easily along the slant-
ing sidewall of the second conductive line spacers 9 to cover
and fill the second conductive line opening 8 and the via hole

11.

In the other embodiment of the present invention applied
in a design rule less than 0.25 um, the width of the first
conductive line 1 1s 0.17 um, the size of the via hole 11 1s
0.18 um, the width of the second conductive line opening 8
1s 0.2 um, and the width of each side of the second
conductive line spacers 9 1s 0.01 um. For a thin second
conductive line spacer, the resistivity of the metal conduc-
five line will not cause significant effects. Particularly 1n
applying copper processes, the mfluence 1s much less than
the standard methods. Furthermore, a small via hole can be
obtained by shrinking the width of the second conductive
line opening. Accordingly, by the novel self aligned dual
damascene method disclosed in the present 1nvention, not
only the disadvantages of the prior art can be avoided but
also an advanced dual damascene process can be applied to
smaller line width processes and the processes are casily
controlled.

In the drawings and specification, typical embodiments of
the present mvention have been disclosed, and, although
specific terms have been employed, they have been used 1n
a generic and descriptive sense only and not for purposes of
limitation, the scope of the mmvention being set forth 1n the
following claims.

What 1s claimed 1s:

1. A method for fabricating an mterconnection between a
conductive line and a via plug on an insulating layer,
comprising the steps of:

(a) forming a conductive line pattern on a upper part of the
insulating layer;
(b) etching the upper part of the insulating layer and

forming a conductive line opening in the upper part of
the 1nsulating layer;

(¢) depositing spacers on the sidewalls of the conductive
line opening;

(d) formiing a via pattern on the upper part of the
insulating layer; the opening of the via pattern being
substantially larger than the width of the conductive
line opening;
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(e) etching a lower part of the insulating layer exposed
between the spacers and forming a via hole; and

(f) filling the conductive line opening and the via hole
with a conductive material and forming an intercon-
nection of the conductive line and the via plug.

2. The method of claim 1, wherein the 1nsulating layer
further comprises an etch stop layer between the upper part
and the lower part thereotf.

3. The method of claim 1, wherein the insulating layer
further comprises an etch stop layer between the upper part
of the msulating layer and the conductive line pattern.

4. The method of claim 1, wherein the bottom of the via
plug further comprises a conductive line layer and the via
plug 1s electrically connected to the conductive line layer.

5. The method of claim 1, wherein the insulating layer 1s
an oxide layer.

6. The method of claim 1, wherein the insulating layer 1s
a low dielectric constant material.

7. The method of claim 1, further comprising a step of
depositing a barrier layer between the steps (¢) and ().

8. The method of claim 7, wherein the barrier layer 1s
composed of a tantalum compound.

9. A dual damascene method for producing a conductive
line and a via plug, comprising the steps of:

(a) forming a second conductive line pattern by applying
a lirst photoresist on a structure to be formed the
conductive line and the via plug thereon, wherein the
structure locates on a first conductive line and a first
insulating layer and comprises 1 a sequence from
bottom to top a second insulating layer, a first etch stop
layer, a third msulating layer and a second etch stop
layer, wherein the first photoresist 1s formed on the
second etch stop layer;

(b) utilizing the first photoresist as an etching mask and
ctching the second etch stop layer and the third 1nsu-
lating layer, the etching process stopping at the first
etch stop layer and a second conductive line opening,
being formed;

(c) removing the first photoresist;

(d) forming second spacers on the first etch stop layer and
the sidewalls of the second conductive line opening;

(e) forming a via pattern on the second etch stop layer by
a second photoresist;

(f) utilizing the second photoresist and the second spacers
as an etching mask and etching the first etch stop layer
and the second insulating layer, the etching process
stopping at the first conductive line and a via hole being,
formed,;

(g) removing the second photoresist; and

(h) filling the second conductive line opening and the via
hole with a conductive material and forming an inter-
connection of the second conductive line and the via
plug.

10. The dual damascene method of claim 9, wherein the
first and the second etch stop layers are composed of silicon
nitride.

11. The dual damascene method of claim 9, wherein the
second 1nsulating layer 1s selected from the group consisting
of oxide and low dielectric constant materials.

12. The dual damascene method of claim 9, wherein the
third msulating layer 1s selected from the group consisting of
oxide and low dielectric constant materials.

13. The dual damascene method of claim 9, further
comprises a step of depositing a barrier layer between the
steps (g) and (h).

14. The dual damascene method of claim 13, wherein the
barrier layer 1s composed of tantalum compound.
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